INTRODUCTION
In August 1940, the Oxford team, which included Chain and Florey, made a preliminary announcement in the Lancet' of their successful development of penicillin into a partially purified preparation of reliable activity, which could be given by injection. They gave case histories to illustrate their success in a full article in the following year.2 Eleven years before these important announcements, in 1929, Fleming3 had published details of his fundamental discovery of penicillin as an antibacterial agent, but in the meantime the therapeutic potential of penicillin had not been much pursued, by himself or by anyone else. But, as this paper shows, penicillin was used therapeutically and successfully, as a local application, as early as 1930. Three claims that penicillin had been used effectively on patients around that time have arisen from work by Fleming himself, C.G. Paine, and A. Dickson Wright, but until now no claim has been substantiated by documented clinical notes. When the journalist David Masters interviewed Professor Florey with a view to writing a book on penicillin,4 Florey recalled that some early work on penicillin had been undertaken in Sheffield by a young hospital pathologist, Dr C.G. Paine, whose own words were later quoted by Florey in a book on antibiotics written by the Oxford team.5 Although he later rued the fact, Paine never submitted for publication the work he had done on penicillin in 1930-31, but his significant part in the penicillin story is now being related in greater detail than hitherto, together with his own recent comments on the subject.
BIOGRAPHICAL NOTES
Cecil George Paine ( fig.1) ', ibid., 1941, ii: 177-188. 'A. Fleming, ' On the antibacterial action of cultures of a Penicillium with special reference to their use in the isolation of B. influenzae ', Br. J. exper. Path., 1929, 10: 226-236. 4D. Masters, Miracle drug, London, Eyre & Spottiswoode, 1946. 'H. In the minutes of the Weekly Board of the Sheffield Royal Infirmary for 12 December 1928 there occurs the first of three entries in which Paine's coming appointment is variously described as that of Clinical Pathologist or Assistant Pathologist to the Infirmary and additionally as Demonstrator of Pathology in the University.6'7 The annual reports of the hospital during that period give no indication that Paine was on the staff, despite the inclusion of the names, amongst others, of the honorary pathologist and of house staff. The reason for this omission is not clear. Paine was appointed lecturer in bacteriology in 1932, but his name does not appear in the history of Sheffield University.8 He remained at the Royal Infirmary for just over two years, and it was towards the end of 1930 and during the subsequent three months of 1931 that he developed a practical interest in penicillin, which he had first heard of as a student. It is this short six-month period of his career which is particularly relevant to this paper. Dr Paine described his work at the time in a recent conversation with MW at Ottery St Mary, Devon:
I wrote to Fleming [one of Dr Paine's former lecturers] to get some cultures of his Penicillium from him and this I did, and made some brews with the usual meat broth. I did my own titrations against a Staphylococcus. I used this as a test organism although it wasn't supplied by Fleming-it wasn't Staph. aureus, that I am quite sure about. I think that it was Staph. albus. I used it because I didn't want a particularly virulent organism for my test control. I had been working at that time upon the normal bactericidal power of the blood on Staph. aureus derived from sycosis of the beard as well as the ordinary skin variants -there was a difference but it wasn't particularly interesting. I had known about penicillin since 1928, and I had of course read the 1929 paper. I was friendly with one of the eye men so I asked if he'd like to try out its effects and this we did. I also tried the filtrate on sycosis barbae. I soaked pads in broth and applied it to the sides of the face. There were a lot of these infections about at the time and the dermatologist used to send these patients over to me to culture the staph. from them. I went to him and suggested that we try penicillin. The attempts to use penicillin against these infections came to nothing. I suppose that they were resistant strains, or that I was dealing with inadequate concentrations of penicillin, or too much meat broth. Next we tried it on those babies with gonorrhoeal infections and it worked like a charm! Then we had a man in from one of the mines locally and he'd got a bad laceration on his cornea. We took a culture from his cornea and grew up the organism that was absolutely dreaded in the eye -Pneumococcus. We tried penicillin and it cleared up the infection like nobody's business, and they were able to deal with him and he made a good recovery.
This was essentially the same description as Paine gave to Masters for inclusion in his book Miracle drug in 1946;1 it also occurs in the section devoted to the history of penicillin in the second volume of the book Antibiotics, written by the Oxford group led by Florey.10 The dermatologist referred to was Dr A. Rupert Hallam. The "eye 'Proc. Board Royal Infirmary, Sheffield, 16 March 1927 If the notes are studied it can be seen that the initial treatment of the eyes at Nether Edge (Hospital) had not cured the condition, but there are no entries to explain what went on during the subsequent three months at the Royal Infirmary. One has to assume that the infection had not been cured and that it was felt appropriate on 25 November to change the treatment. It was then that the baby was first treated with "pinicillin". The frequency and style of the penicillin administration is not described in the case notes. For six days, no comment was entered in the notes, but the entry on the seventh day records that both eyes were "clean". Dr Paine remembers that the significant improvement was within two or three days in the three babies who responded to treatment.
If penicillin is to be given credit for the cure, the three-month gap between the first and second entry in the case notes has to be considered to make sure there is no alternative explanation. Mr Nutt's female ward case notes of 1930 indicate consistently when his patients were discharged from the ward, so it can be inferred that the baby Peter had one unbroken stay in hospital arising from the initial diagnosis. It is also clear that it was quite feasible in the early 1930s for the infection in a case of gonococcal ophthalmia still to be active three months after the diagnosis was made, even when treatment was given in hospital."3 The treatment given to this baby in the early months was not very effective by modern standards. It has been shown in a retrospective study" dealing with such pre-penicillin days that silver nitrate did not suppress the development of gonococcal ophthalmia neonatorum any more successfully than other drops. The other treatment that was prescribed would not be curative. fig.3 after "diphtheroids" have not been followed up by a later report on the bacteriology which the lines appear to promise. If this is one of the four cases of opthhalmia neonatorum that have been remembered so confidently by Dr Paine, it would mean that the ultimate bacteriological diagnosis in this case was either gonococcal or staphylococcal, since he described two babies with the one organism and two with the other. Whatever the causative infection in this case, the good clinical response when penicillin drops were used is clearly illustrated.
The case notes of the other two babies treated by Paine and Nutt are unlikely to be found. Paine has stated that of the four cases of ophthalmia neonatorum which they treated, the only one which did not respond well to penicillin was one of the staphylococcal cases. It is mere speculation to wonder whether the case which did not respond could have involved a resistant strain of staphylococcus, which would in those days have been rare. An alternative explanation would be less effective penicillin administration. Paine, however, regularly used his own method to assay crude penicillin,"6 which favours the view that the staphylococci were relatively insensitive to his weak penicillin solutions.
The 1930 male ward journal of Mr Nutt was not so well kept as the female journal, so the most important adult eye case successfully treated by Paine and Nutt referred to by Florey"7 cannot be accurately dated. The most likely date is during the early months of 1931, for which period the case notes are lost. The story was repeated by Dr Paine recently. A fragment of stone had entered the right eye of a miner at the corneo-scleral margin and had finally lodged itself behind the iris. The eye was inflamed and the intra-ocular tension was raised. Swabs from the conjunctival sac yielded a pure culture of pneumococci, which, according to Dr Paine, was regarded as of ominous significance. After irrigation with penicillin for forty-eight hours, the conjuctiva appeared clear and a second swab proved sterile. The stone was then removed and the patient recovered 6/6 vision in the affected eye."7 Paine also worked with Dr A. Rupert Hallam, Dermatologist at the Infirmary, in treating three cases of sycosis barbae by means of the crude filtrate of the culture medium applied topically to the beard area. They were unsuccessful in all three. No patients' records covering the time of these unsuccessful skin trials have survived, so the details of management are not known. Sutherland, 1984, personal communication. using penicillin where the evidence has been substantiated by case notes. To take one example in history where the evidence is inadequate, Lister is said to have used culture filtrates of Penicillium glaucum in 1877 with some clinical success in treating infected wounds and abscesses.20 However, he left no satisfactory documentation to assist the scientific assessment of his work. Such references to the antibacterial effects of P. glaucum are now viewed with caution, since this term was used indiscriminately in the late nineteenth century to describe any green Penicillium species." A number of species of this genus produce penicillin, but they can also produce toxic products or antibiotics of limited therapeutic value.22
The records presented here establish some facts and help to correct errors which have crept into the previously published histories of penicillin. immunity to haemolytic streptococci in puerperal infection'. Paine has also stated that like Fleming, he had found crude penicillin to be tantalizingly variable. American work28 later confirmed his observations that cultures of P. notatum tend to lose spontaneously their ability to form penicillin, either entirely or partially. Similarly, maximum concentrations of penicillin created by the mould frequently persist for only a brief period and then drop off sharply. Crude penicillin filtrates were also found to deteriorate rapidly on storage, and Paine, like Fleming, had no technique of preserving them.
Paine has stated clearly that his work was not initiated by Fleming, nor, remembering his undergraduate days, had he ever seen Fleming use penicillin as an antiseptic. He did, however, let Fleming know subsequently that the mould was losing its potency.
Incredible as it seems now, considering his initial successes, Paine never published in the scientific literature anything about his clinical work on crude penicillin. Indeed, his work would probably never have come to light had not Howard Florey told Masters about it and then mentioned it in the second volume ofAntibiotics.5 On the other hand, it is possible that an important journal would not have published a paper based on the limited evidence which Paine had accumulated.
RELATIVE LACK OF INTEREST IN PENICILLIN
An alternative to the writing of a formal paper would have been for Paine or his associates to have presented their findings at scientific meetings. Nutt, for example, was in the habit of speaking at meetings of the North of England Ophthalmological Society, which were sometimes held in Sheffield. However, he made no mention of penicillin in communications to this society when it met at Manchester, Sheffield, and Leeds during January 1931, nor again in Sheffield in March 1931 and April 1932,29 the dates most likely to be relevant to the penicillin work. In one communication given just before that period, the names of Nutt and Paine appear together,30 so a precedent was set but unfortunately not followed when it came to the penicillin work itself. Nutt may well have felt little excitement at the time about Paine's penicillin work; and even Paine's own sister was unaware of her brother's contribution, although she was a medical student in Sheffield during the early 'thirties. It is important also to judge history with a knowledge of contemporary thinking. In 1930, while there were antiseptics for local use, there was nothing which could be given by injection against the common infections, although syphilis had been treated for some time by injection of arsenicals. Treatment by mouth consisted of herbs and extracts, which, of course, included quinine, but not by disease-specific chemicals. Paine has stated emphatically35 that Fleming was well aware of the potential of penicillin for wider clinical use than merely as an antiseptic. This view, which was recently expressed by another of Fleming's former students,36 has not been clearly supported by Fleming's own publications, though his historic paper of 1929 contains the following words, which seem to show that he had an important awareness which was in advance of contemporary therapeutics: "It is suggested that it [penicillin] may be an efficient antiseptic for application to, or injection37 into, areas infected with penicillin-sensitive microbes". This is not an early vision of systemic therapy with penicillin, but a practicable next step in the study and development of a remarkable preparation. Chain, amongst others, has pointed out that Fleming could easily have 33A. Fleming, 'Two selective culture media', Proc. Pathol. Soc. Gt Britain, see J. Path. Bact.., 1932 , 35: 649-651. 34Ibid., 1932 It is on record that Fleming used penicillin on 9 January 1929, when he treated the chronically infected nasal antrum of Dr S. R. Craddock.39 This has generally been claimed to be the first occasion that penicillin was ever used clinically, even though it was ineffective. The following month, Fleming gave a laboratory-based talk on his penicillin work to the Medical Research Club on 13 February 1929. This was entitled 'A medium for the isolation of Pfeiffer's Bacillus'. This paper was received without enthusiasm40 and appears never to have been published. Fleming's first reported successful clinical use of penicillin may not antedate 1932, when he cured Dr K. B. Rogers"1 of pneumococcal conjunctivitis, but there must have been earlier cases without surviving documentation, as are illustrated by his own comments below.
Two small references to Fleming's early work on the therapeutic value of local penicillin treatment appear to have been overlooked. Fleming himself made a reference to his clinical attempts to use penicillin or what is assumed to be penicillin, when he was commenting on a paper on antivirus, which had been read on behalf of Professor Besredka at a meeting of the Royal Society of Medicine on 15 May 1929.42 He stated:
I found that when a particular mould had been grown in broth for a week or ten days, the filtrate of the culture had remarkable inhibitory properties on the growth of some microbes, especially the pyogenic cocci. This filtrate, like Besredka's antivirus, consists of nutrient broth, except that instead of being exhausted by a bacterium, it has supported the growth of a mould for some time (not to exhaustion). I have applied this filtrate to a number of septic wounds (abscesses, burns, ulcers, etc.) , and so far the results are certainly not inferior to the cases cited by Besredka. One patient treated during the last ten days is interesting. A woman had indolent ulcers in various parts of the body. These ulcers had existed for over two months and showed little sign of healing. The infecting agents in each case were staphylococci and streptococci. The filtrate was applied in compresses every four hours and in three or four days the aspect of the ulcers completely changed, they became healthy looking, granulations formed and healing commenced and is progressing rapidly.
The treatment of this case of indolent ulcers would have begun around 5 May 1929, but further description and documentation of the case does not seem ever to have been attempted. It would be unreasonable to doubt that Fleming was referring to the successful use of penicillin when he spoke of using "a particular mould", but his case of the woman with the indolent ulcers has remained unsatisfactory in its lack of further documentation. Nevertheless, this comment in the course of a discussion would seem to be the first published utterance by Fleming on the use of penicillin as a therapy, and came only five days after his historic paper had been received for publication by the British Journal of Experimental Pathology. 'E. Chain, 'Penicillin -the crucial experiment', Chemtech., 1980, 10: 474-481 Is it then likely that the Paine-Nutt patients were the first to benefit from penicillin cures? So long after the event, we are now dependent on surviving records, and such written reports must be carefully assessed. Fleming's reference to the use of penicillin in the indolent ulcer case (see above) is the only published statement we have discovered which indicates that he had clinical success before Paine. However, the presentation of the evidence on that occasion, despite its great interest now, was only anecdotal and was made during discussion time after he had listened to a paper on another subject. Lond., 1945, 64: 142-149 . 'A. Dickson Wright, ' The treatment of indolent ulcer of the leg ', ibid., 1931, 53: 237-251. to suggest that there may have been others which were never recorded or where the records have yet to be discovered.
LATER USE OF CRUDE PENICILLIN FILTRATES
Some idea of what Fleming or Paine might have achieved in the clinical field in the 1 930s had they continued working with penicillin can be gained by considering work done using the crude mould juice during the early 1940s. By that time, purified penicillin was still not generally available, so aPnumber of workers examined the curative properties of the crude filtrates. In 1943, for example, Robinson and Wallace, 45 working at the Allegheny General Hospital in Pittsburgh, tested the clinical effectiveness of dressings which were inoculated with P. notatum or soaked in crude broths, and claimed success against a wide range of infections. During the same year, Professor J. V. Duhigg and Dr David Grey cured a woman dying of septicaemia, using a series of injections of crude penicillin.46 Hobson and Galloway also reported clinical successes in a paper entitled 'Home-made penicillin'.47 They concluded that, even at their poorest, penicillin-soaked dressings proved immensely superior to anything with which they had been previously acquainted. But perhaps the most interesting use of crude penicillin, in relation to Paine's work, was published as a letter by M. A. Cooke while working at Bradford Royal Infirmary.' He showed that the crude extract could cure sycosis barbae, the disease against which Paine and Hallam had had no success. When he used daily sprays over a six-week period, six cases of the infection were cured, another six were cured after initial relapses, and two other cases showed improvement; and there were no failures. A year earlier, Taylor and Hughes49 also reported improvements in patients suffering from sycosis barbae following application of crude penicillin and also noted the appearance of penicillin-insensitive bacteria. It should be remembered that these workers had the marked advantage over both Fleming and Paine in that they knew that penicillin was an effective agent before they began their work.
PAINE S WORK IN THE PERSPECTIVE OF LATER EVENTS
A recent anonymous review in the Lancet of Macfarlane's book on Fleming50 states: "We are still not clear exactly how Florey decided that penicillin was a likely winner". There seems little doubt that Florey knew of Fleming's penicillin work from the outset. Like other eminent scientists at that time, being abreast of the scientific literature, he seems to have regarded penicillin merely as an interesting phenomenon, subsequently to be remembered. In 1932, Paine told Florey about the clinical cures which had been achieved, and Florey could hardly have been unaware that Fleming was using penicillin in selective culture media. From Chain's reminiscences5l we know that Florey was familiar with Raistrick's insufficiently successful attempts to purify penicillin in 1933.52 In 1938, when Chain began his own search of the literature concerning microbial antagonism, he eventually concentrated his attention on a few particularly interesting examples of this phenomenon, only one of which was penicillin. It seems that Chain was initially much attracted by gramicidin, but on discussing the matter, Florey insisted that penicillin should have priority.53 Was this discussion in any way influenced by Paine's work? Bickel seems to think that it was." Florey, however, told Masters that Paine's work had not influenced him and that he remembered it only when questioned by Masters some time in the early 1940s. In a recent letter, Lady Florey kindly offered some comments on this very question: The Oxford group acknowledged the use of Paine's technique for testing the leucotoxicity of substances,55 modifying the method only slightly for their own use when demonstrating that purified penicillin was harmless to the white cells of the blood. Their acknowledgement is further evidence that Paine's name will have reappeared at that time.
At the end of our interview Dr Paine was asked where he placed himself in the penicillin story. He replied:
Nowhere -a poor fool who didn't see the obvious when it was stuck in front of him. I suppose that there are many things that conspired to stop me doing it. I'm sorry, but there it is. It might have come on to the world a little earlier if I'd had any luck.
Paine had obviously seen a therapeutic potential in penicillin, although mainly in relation to its use as an antiseptic, but he was beaten by the unstable nature and variability of the crude extract. It took almost another ten years before a biochemist like Chain could confidently state that purification of penicillin could be done "rapidly and easily"." Today it may seem difficult to understand how both Fleming and Paine, having seen some clinical successes following the use of penicillin, should fail to have moved mountains to promote its development, but we have the benefit of hindsight and know the enormous changes in medicine wrought by penicillin. Antibiotics were not "in the air" in the early 1930s and thinking was more devoted to antiseptics. Fortunately, the pioneering efforts of Fleming, Paine, and others involved in early penicillin therapy when it was used locally, with variable success, were eventually brought to fruition by the drive of Florey and Chain and the other' members of the Oxford team who, by purifying and testing penicillin, gave the world the first effective injectable antibiotic. 
